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Witzkeite: A new rare nitrate-sulphate mineral from a guano deposit at Punta de Lobos, Chile
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Abstract

Witzkeite, ideally Na4K4Ca(NO3)2(SO4)4·2H2O, is a new mineral found in the oxidation zone 
of the guano mining field at Punta de Lobos, Tarapacá region, Chile. It occurs as colorless, tabular 
crystals up to 140 μm in length, associated with dittmanite and nitratine. Witzkeite is colorless and 
transparent, with a white streak and a vitreous luster. It is brittle, with Mohs hardness 2 and distinct 
cleavage on {001}. Measured density is 2.40(2) g/cm3, calculated density is 2.403 g/cm3. Witzkeite 
is biaxial (–) with refractive indexes α = 1.470(5), β = 1.495(5), γ = 1.510(5), measured 2V = 50–70°. 
The empirical composition is (electron microprobe, mean of five analyses, H2O, CO2, and N2O5 by 
gas chromatography; wt%): Na2O 12.83, K2O 22.64, CaO 7.57, FeO 0.44, SO3 39.96, N2O5 12.7, H2O 
4.5, total 100.64; CO2 was not detected. The chemical formula, calculated based on 24 O, 
is: Na3.40K3.95Ca1.11Fe0.05(NO3)1.93(SO4)4.10(H4.10O1.81). Witzkeite is monoclinic, space group C2/c, with 
unit-cell parameters: a = 24.902(2), b = 5.3323(4), c = 17.246(1) Å, β = 94.281(7)°, V = 2283.6(3) 
Å3 (Z = 4). The crystal structure was solved using single-crystal X‑ray diffraction data and refined to 
R1(F) = 0.043. Witzkeite belongs to a new structure type and is noteworthy for the very rare simulta-
neous presence of sulfate and nitrate groups. The eight strongest X‑ray powder-diffraction lines [d in 
Å (I in %) (h k l)] are: 12.38 (100) (2 0 0), 4.13 (19) (6 0 0), 3.10 (24) (8 0 0), 2.99 (7) (8 0 2), 2.85 
(6) (8 0 2), 2.69 (9) (7 1 3), 2.48 (12) (10 0 0), and 2.07 (54) (12 0 0). The IR spectrum of witzkeite 
was collected in the range 390–4000 cm–1. The spectrum shows the typical bands of SO4 

2– ions (1192, 
1154, 1116, 1101, 1084, 993, 634, and 617 cm–1) and of NO3 

– ions (1385, 1354, 830, 716, and 2775 
cm–1). Moreover, a complex pattern of bands related to H2O is visible (bands at 3565, 3419, 3260, 
2405, 2110, 1638, and 499 cm–1). The IR spectrum is discussed in detail.
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Introduction

Minerals simultaneously containing sulfate and nitrate 
groups as species-defining components are extremely rare. 
Only three such mineral species were previously known: 
darapskite, Na3(SO4)(NO3)·H2O, space group P21/m (Sa-
belli 1967), ungemachite, K3Na8Fe3+(SO4)6(NO3)2·6H2O, space 
group R3 (Groat and Hawthorne 1986) and humberstonite, 
K3Na7Mg2(SO4)6(NO3)2·6H2O, space group R3 (Burns and Haw-
thorne 1994). Ungemachite and humberstonite are structurally 
similar to one another, whereas darapskite has a markedly differ-
ent structural arrangement. These minerals all have similar origin 
and provenance as they are found in sulfate and nitre deposits 
situated in Chile (even if in different regions), all occurring in 
areas with very arid climates.

The new mineral witzkeite, the fourth sulfate-nitrate com-
pound discovered in nature, is characterized by a new crystal 
structure type. It was found in the oxidation zone of an outcrop 
1 × 1 m2 in size located in a guano mining area (400 × 200 m 
across) on the southeast slope of Punta de Lobos, Tarapacá 

region (Chile), approximately 90 km south of Iquique (21°12′S 
70°05′W). Witzkeite appears to be extremely rare as only two 
small samples have been found.

Witzkeite has been approved by the Commission on New 
Minerals, Nomenclature and Classification, IMA no. 2011-084. 
Holotype material is deposited in the mineralogical collection of 
the Museum of Mineralogy of the Department of Geosciences 
at the University of Padova (Italy), under catalog number MMP 
M10009. The name is in honor of Thomas Witzke (b. 1963), a 
well-known German mineralogist whose study of alteration pro-
cesses and products has resulted in the discovery and description 
of several new minerals.

Appearance, mineral association,  
physical and optical properties

Witzkeite forms elongated, tabular crystals up to 140 μm in 
length (Fig. 1) and is associated with dittmarite and nitratine. It 
is colorless and transparent, with a white streak and a vitreous 
lustre. Witzkeite is brittle, with Mohs hardness 2 and distinct 
cleavage on {001}. No parting is observed and fracture is uneven. 
Twinning was not observed. Witzkeite dissolves in water (slowly * E-mail: fabrizio.nestola@unipd.it 


